Polytypes and expandability of sericite from the Itaya kaolin clay deposit were examined by X-ray powder diffraction method, with the hope of relating these structural features to the hydrothermal alteration processes which took place in two major periods, Late Miocene and Quaternary.
INTRODUCTION
It has been known that polytypism of micas or expandability of interstratified mica-expandable minerals reflect physico -chemical conditions of their formation. On the basis of results by Yoder and Eugster (1955) , Velde (1965) occurrences of mica clay minerals which are in accord with these experimental data have been reported to date (e.g., Burst, 1969; Nakamura, 1969) . Many hydrothermal clay deposits in Japan, especially those associated with acid magmatism, are characterized by com mon occurrence of sericite (Fujii et al., 1976a, b) . The Itaya kaolin clay deposit, located at the southern part of Yamagata Prefecture ( Fig. 1) , is of this type, and is one of the largest hydrothermal clay deposits in Japan.
Previous geological and mineralogical studies of this deposit (Togashi, 1976 (Togashi, , 1977 have clarified that the deposit was formed initially with relation to an acid volcanism in Miocene age, and that it underwent a series of hydrothermal re-alteration in association with a Quaternary andesitic volcanism. Sericite is found to be a product of the Miocene hydrothermal activity, and occurs as a common constituent in the alteration zones of this age. Most of sericite which are subjected to the Quaternary realteration appear to have been decomposed to form alunite. However, some captured in the low temperature silicification environment have escaped from the decomposition.
Mineralogically, most of the sericite from the Itaya clay deposit are found to contain considerable amounts of expandable layers, and they should be called strictly interstratified mica-expandable mineral. However, the amounts of expandable layers of the mineral is on the order of 10 per cent or less. Therefore, this paper uses "sericite" as a general name for fine-grained potassic dioctahedral mica minerals with no or small amounts of expandable layers.
If the polytypes or expandability of serictie from this deposit can be cor related somehow with such formative condi tions as pressure, temperature and chemi stry, it will be useful for our better understanding of the genesis of this deposit. Thus, over 200 sericite specimens were collected from rocks of various alteration types in this deposit (Togashi, 1977) and were examined by X-ray diffraction method to determine the above structural features. The results were discussed in special reference to the modes of occurrence of the specimens which reflect the complex polyalteration. process in this deposit.
GEOLOGIC SETTING AND HYDROTHER MAL ALTERATION SEQUENCE
Miocene acid tuffs of the Itaya Forma tion crop out at most parts of the No. 1 ore body pit, and are overlain by Quaternary mud flow deposits of the Azuma volcano (Togashi, 1969; Tamiya et al., 1970; Murai, 1970) .
On the basis of radiometric age data coupled with stratigraphic evidences of the hydrothermally altered rocks, Togashi (1977) concluded that the ore body was formed by two periods of hydrothermal activity. The first one was active in Late Miocene time (7.2 million years before present) and attacked the acid tuffs, causing a pervasive sericitization and limited extent of kaoliniza tion in and around the deposit (Type I altera tion).
The second alteration period was in the Latest Pleistocene-Recent time. This activity was related to the andesitic volcanism of the Azuma volcano, parti cularly to the deposition of the volcanic mud flows (about 30,000 to 25,000 years before present), and was responsible for three types of alteration: 1) Formation of silicified breccia dikes containing fragments of the altered Miocene tuffs, 2) montmorillonitization of the mud flow deposits, and 3) re-alteration of the sercitized Miocene tuffs and the montmorillonitized Quaternary mud flows to sulfur-opalalunite-kaolinite rocks. These are named Type II, III and IV altera tion, respectively (Togashi, 1977) .
The altered rocks of Type I, originated from the Miocene tuffs, are further divided into the following four subtypes on the basis of principal mineral assemblage and mode of occurrence: 1) Subtype Ia with quartz-sericite-kaolinite assemblage, 2) Subtype Ib with quartz-sericite as semblage, 3) Subtype Ic with quartz-K-feldsparsericite assemblage, and 4) Subtype Id, irregularly-shaped shearedzones with intense pyrite dissemina tion, which is called "black fault"*. First three of these subtypes are zonally arranged in the above order with Ia at the center. The boundaries are found to be rather gradational. Subtype Id, on the other hand, occurs as sheared zones devel oped in zones of other subtypes and often contains their fragments or blocks. This fact indicates that the rocks of this sub type were formed after the formation of other subtype rocks of Type I alteration.
Sericite occurs both in the rocks of Type I and Type II alterations. However, in the Type II rocks, the mineral is exclusively found in fragments of the Miocene rocks which have the mineral composition similar to that of the Type I rocks, and is not found at all in the siliceous matrix. It follows that the sericite in the Type II rocks is not a product of the Quaternary Type II alteration, but of the Miocene Type I alteration.
Mineral compositions for rocks of each alteration type is summarized in Fig. 2 , and the distribution of each sericite-bearing alteration zone in the pit is shown in Fig. 5 * Togashi (1977) classified the "black fault" into a subtype of Type II alteration of Quaternary age.
However, the sulfur isotope and minor element data for the pyrite indicate that the alteration belongs to Type I of Miocene age (Togashi et al., 1978) . Therefore, in this paper, the "back fault" is treated as a subtype of Type I alteration. good agreement with that of 2M2 mica from the Kuroko deposit described by Shimoda (1970). Therefore, it was concluded that the specimen is composed of exclusively 2M2 polytype and is not a mixture of 1M and 2M1 polytypes.
Relative amounts of polytypes in indi vidual specimen were estimated by compar ing the peak area of selected characteristic reflection of each polytype in the diffracto gram. (112) reflection (3.08 A) was used for 1M and 1Md polytypes, while (025) reflection (3.00 A) was selected for 2M1 polytype. These were selected for the reason that they are not much affected by the presence of other minerals in the specimen. The intensity was calculated as peak height times peak width at half height. Calibra tion curves in terms of relative intensities of 1M (112) and 2M1 (025) reflections for a series of their artificial mixtures are shown in Fig. 4 . Specimens of pure 1M polytype (IJ-234B) and that of 77% 2M1 polytype with 23% 1M polytype (IJ-239), both from the Itaya clay deposit, were used for the calibration. The amounts of two polytypes in the latter specimen were determined by the method of known additions (Brindley and Udagawa, 1960) . The result was sub -sequently extrapolated to the mixture of 1 Md and 2M1 polytypes, since no con siderable difference in mass absorption coefficient between 1M and 1 Md polytypes should be expected.
The amounts of expandable layers in the sericite were estimated according to the glycolation method described by Shimoda (1977) . Interstratified mica-expandable minerals with small amounts of expandable layers show apparent contraction of basal spacing upon treatment with ethylene glycol. Shimoda (1977) constructed a diagram show ing relationship between the per cent expandable layers and the contraction value of the basal 10 A reflection (A).
The contraction value was measured for the 10A reflection. Specimens were prepared as oriented aggregates mixed with pure water and evaporated on glass slides.
In the Shimoda's diagram, however, the estimation of the per cent expandable layers from the contraction value other than around 1.20A (12-13 per cent expandable layers) is inevtiably accompanied by much uncertainity. For example, the contraction of 0.20 A represents the amount of expand able layers as wide as 4 and 8 per cent. As the contraction values of the 10A reflec tion of most sericite specimens from this deposit were found to be less than 0.15A (3-6 per cent expandable layers) (Fig. 7) rence of the polytypes appears to follow the trend observed in the surrounding Type I rocks.
Variation of expandability
Expandability of 147 sericite speci mens with known alteration type and polytype assemblage is shown in Fig. 7 , where the expandability is presented as the "expandability index" . The index is divid ed here into five ranks with the step of 0.05 A. The frequency of each rank in each alteration type is shown in Fig. 8 . In addi tion, the averaged value of the index for each alteration type is summarized in Table 1 .
From these data, it is seen that the sericite in the rocks of Subtype Id and Type II generally shows much higher ex pandability than that in other types of altered rocks. The averaged values of the expandability index for the sericite in the Subtype Id and Type II rocks are almost three times and twice, respectively, as large as the average for 125 sericite specimens from the rocks of Subtypes Ia, Ib and Ic. Sericite occurring close to the Quaternary alteration zones other than that of the Type II rocks shows no obvious increase in the expandability.
The largest expandability index value among all the examined specimens was 0.85 A, corresponding to 10-12 per cent expand- 3. Relation between polytypes and expandability Histogram of the expandability index for each rank of polytype occurrence is shown in Fig. 9 . The averaged index value for each rank of polytypes is summarized in Table 2 , with relation to the alteration types which are divided into three groups on the basis of the mode of occurrence and the type of alteration.
These data demonstrate a close relationship between polytypes and expandability. For mono-polytype specimens, the averaged value of the expandability index decreases in the order of 1Md (0.37 A; 7-10% expand -able layers), 2M2 (0.25A; 5-9%), 1M (0.10A; 2-5%) and 2M1 (0.07A; 1-3%). For the Although not fully expressed in Fig . 9 (Fig. 5) . However, the expandability of the sericite in the former is considerably higher than that of the sericite in the latter (Table 1) . As no essential difference either in mineral composition or mega-and micro-scopic features is observed between them, it is concluded that the Quaternary silicification was responsible for the increase of the expandability. In this process, however, the polytypes may not have been changed basically, except for a gradual transformation of 1 M polytype to 1 Md structure in some places.
In hydrothermal conditions, precipita tion of silica material can take place most easily by cooling of the solution (Fournier and Rowe, 1966) . The silicified rocks of Type II alteration may therefore indicate a relatively low temperature condition. The occurrence of some amounts of alunite in the dike (Togashi, 1977) suggests that the hydrothermal solution was dominated by sulfuric acid (Hemely et al., 1969) . If the temperature had been high enough, the solution would have decomposed the sericite. Thus, the increase of expandability in the sericite of Type II rocks may be regarded as an "incomplete" deformation process by a low temperature acid solution, which also caused the polytype transforma tion from 1M to lMd in some of the crystals. This process, and that for the sericte in the rocks of Subtype Id, may be comparable to the "degradation process", outlined by Shimoda and Kohyama (1971) .
The sericite occurring near the Qua ternary alteration zones other than the zone of Type II alteration shows no significant increase of the expandable layers (Fig. 7) . This is worth noting at the northern boundary of the ore body adjacent to the zone of Quaternary Type IV alteration, which have the mineral assemblage of sulfur-opal-alunite-kaolinite, suggesting a strongly acid alteration condition (Fig. 2) . The rocks of Type IV alteration contain almost no sericite even when their original rock was the "sericitized" Miocene tuff. Instead, they have alunite as a common constituent. Besides, no silicified zone with silica precipitation is observed to occur in this zone. It seems certain that there was a large difference in physical and chemical conditions of formation between Type II and Type IV alterations. This is probably the reason for no occurrence of "hydrated" or "degraded" sericite around the Type IV alteration zone; the sericite in the Miocene rocks may have been rapidly decomposed to form alunite without leaving any remarkable transitional zone of the "degraded" sericite .
The expandability of sericite from this deposit is correlated with the polytype species in the following order: 1 Md>2M2> 1M>2M1 ( Fig. 9 and Table 2 ). The order 1 Md>1M>2M1 is in accord with the ex pectations based on the experimental data about the stability relation of mica polytypes (Velde, 1965) and the inferred P-T dependence of expandable layer forma tion.
The reason for an appreciably higher expandability in 2M2 sericite as compared to 1M and 2M1 species is not very clear.
One possibility would be the secondary hydration process by the Quaternary hydro thermal activity. However, if this was the case, an extremely large susceptibility to the hydration would have to be required for 2M2 polytype because IM and 2M1 polytypes occurring around the site where 2M2 polytype is found are much lower in the ex pandability (Fig. 7) . The most plausible interpretation at present appears to be a lower temperature condition inferred for the formation of 2M2 polytype, although there still remains much to be investigated in this respect.
